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De:sign Relations for the Wide-Band Waveguide Filter”

SEYMOUR B. COHN{, MEMBER, IRE

4

Summary—Design formulas are derived and presented graphi-
cally for a wide-band waveguide filter structure analyzed in a previous
paper. The design procedure is outlined and a brief example given.
Experiments indicate that the design cutoff frequencies and the in-
finite-attenuation frequency may be relied upon within one or two
per cent.

I YHE WAVEGUIDE FILTER structure consid-
J[ ered in this paper is shown in Fig. 1. This struc-
ture is most suitgble for pass-band widths of the
order of 1.5 to 1. The low-frequency cutoff f; is provided
by the natural cutoff of the waveguide, while the high-
frequency cutoff f; is pravided by the constrictions and
cavitics. The: attenuation-versus-frequency response is
sketched in Fig. 2. An accurate solution for this filter is
given in a previous paper.! The formulas of that pub-
lication, however, are too unwieldly and contain too
manv parameters to enable simple application to a filter
design problem. In this paper, it will be shown how the
original equations may be simplified and represented
graphically with very little loss of accuracy.

THE ORIGINAL FORMULAS

The following formulas for the image parameters are
given in the paper on the analysis of this filter.!

(1
(2)

y = ‘\/yu:yoc

R
Yee

where yr is the image admittance of the filter, y,. and
¥oc the short- and open-circuit admittances of a half
section, 8 the image transfer function of one section, «
the image attenuation function in nepers, and § the
image phase constant in radians. All admittances are
normaljzed with respect to the characteristic admit-
tance of the rectangular-waveguide portions of the filter
which are of height b and width a (Fig. 1). If a is held
constant, the characteristic admittance of the guide is
inversely proportional to b. Hence, the normalized char-
acteristic admittance of the terminating line is equal to
b/br. The half-section admittances are given by

] ‘l’l’ b oc’
Yoo = '—{— tan ["“' + tan—! ( }i )]
8 A J ",
j 1l’i’ 6}'::’
= — tan | — - tan™! —-
é Ao ]

f.

]

3

(4)

o
N
B

|

where

. xl
Yoer =] tan —
[

* DPecimal classification: R386.1 X R118. Original manuscript re-
ceived by the Institute, September 20, 1949.

t Sperry Gyrosdope Company, Great Neck, L. I., N. Y.

'S, B. Cohn, “Analysis of a wide-band waveguide fiter,” Proc.
1.R.E., vol. 37, p. 651; June, 1949,
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where 8 is the ratio 4’/b, and b, I/, and [ are dimensions
shown in Fig. 1. A, is the guide wavelength of a uniform
rectangular guide of width a. S,(3) is the Hahn function
of zero order, which is tabulated by Whinnery and
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Fig. 1—Thc broad-band waveguide filter. The design information
applies to both (a) and (b).

Jamieson.? Their value fof §=0.05 is in error, however,

and should be S,(0.05) =26.23. For §20.15, the follow-

ing formula for Sa(8) is within 0.4 per cent.
‘ 1

Ss(8) = w’(log. o 0.338). )

The correction term of (8) is sufficiently accurate if & is

less than about 0.15, which is the case in the design of

this type of filter. More accurate expressions for e are
given in (42) and (43) of footnote reference 1.

~

FORMULAS BOR THE FILTER PARAMETERS

In the design of a filter, one must first decide where
to place the cutoff and infinite-attenuation frequencies,

. 'J. R. Whinnery and H. W. Jamicson, “Equivalent circuits for
discontinuities in transmission lines,” Proc. 1.R.E., vol. 32, pp. 98-
115; February, 1944.
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and what value of terminating resistance to use. For a
waveguide filter section, these parumeters are more con-
veniently expressed by the wavelengths X, Ay, and Ay,
and by the height b, of the terminating guide, N\ (=2a)
is the cutott wavelength of a rectangular guide of width
a, N1 the cutoff guide wavelength of the filter structure,
and Ay, the infinite-rejection guide wavelength (Fig. 2).
When a tilter is being designed, it is necessary to obtain

Fig. 2 Attenuation-versus-frequency res ONSE,
g Y I

the filter dimensions which correspond to these given
parameters. The difficulty of doing this by means of (1)
through (8) is ubvious. Hence it is neces8ary to change
the form of these equations so that a straightforward de-
sign procedure will be possible. This is done below.,
Let b, be the terminatipg-guide height which would
match the filter at fo (i.e., for A;=> ). Then, by (1),

A

: AN .

lim (y)*= (- ) = [hm Voo lim y,&.JM e

g "< bo .

When (3), (4), (3), and (6) are substituted an the Himit-
ing process carried out, oné obtains?

b)‘-’ ! ){Hrz'+ %
(e.o "(H-az' s ey Y

2 nwl} sin? wué Age
= Z[] — tanh- - o —— 4 } (10)

wl .y b n(7r1<15)2 wl

The actual height b4 of the terminating guide need
not be equal 1o b,. Tt will generally be chosen to give a
perfect match at some point within the pass band, as
explained later in the Design Procedure section,

Next, an implicit relation for the cutolf wavelength
Ao will be obtained. This cutoff occurs when Yee== 0 By
means of (4) and (6), therefore, one obtains

I b r
cot#r-- - tan 7« .
At ; b S.() | A

I b T I b
T ™o - e
b Ny b Ay

tl TR

% b v (b/nhyy)

T > L
xl o V1o by ,y)-

sin?

71(#;1«%)2

¥ These steps are performed in dewail in “A Theoretical and Fx-
peoimental Study of & Wayepnide Filwer Structure,” by S. B, Coha,
Otfice of Naval Rescaich, Crufo Laboratory, Harvard University,
Report No. 39, April 25, 1948,
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1 - (1Y

The largest value of Ay which satisfies this equation
yields the desired cutoff wavelength. '

Lastly, an implicit relation for the infinite-attenua-
tion wavelength will be derived. By (2), the attenua-
tion « is infinite for y,.=y,.. When (3) and (4) are set
cqual,and (5) and (6) substitutéd; one obtains?

L b
cse (21r——- w—)
b N

2mnl T/ b N
5 csch [—-b“ ‘/‘/1— ("’A‘“) ] in? wnd
o sint rn
22_'—*2 L nX, 4 ’

Now 50 V1= (b/nXN 0)?

Equations (10), (11), and (12) relate the critical wave-
lengths and the makching height to the filter dimensions,
but they are still too complex for convenient use. It will
now be shown how they may be put in graphical form
with very little loss of accuracy.

n(wrns)?

Tuiz DESIGN GRAPHS

Equation (12) contains three parameters, b/ Ngew, 1/,
and 8. It is plotted in Fig. 3, where it is seen to be inde-
pendent of 8 for I/6>0.2. For 1/6<0.2, linear inter-
polation between the curves for =0 and 0.1 provides
sufficient accuracy.
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Fig. 3 ~Infinite-atienuation-wavelength curve.
Equation (10) has four parameters, 8%, 1'/1, b/1, and
8. Fortunately, a greater error can be tolerated in b/b,
than in /N or b/N,w, and hence several approxinations
may be made:
L In practice, the product 8¢’ is generally less than
one tenth as larve as 11 the factor 17071 80 e vanlangd
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ol Lodn gy cae whone this aror might he sicificant,
the term !l Fal 117 oy he s cdas o corred tion faetog
fov the fovatoe abaiaed foom dhe simphilied formula,

206 ds ustodly egquat to abont one tanthor fess, Be-
cause ol tha-, and hecan<e the infinite series 1 (1Y) con
verges very quic kv, the foctor (sin mud™ (and)® may be
et egual to unity swith litile ervorn,

Soonl N s ustalhy <ol enouch sa that onldy acsimall
crror s intioduced by osetting tan w77 N equal o
ﬂ’[’/)\,)).

Wihen these approximations are made in (10) and
(1), and when the wecond resulting relition s sub-

tracted from the frst, one obtains

i b ‘
cot w s
b")\,_.; 1’ )\,,1
A . !
”,,/\Ul N / h
: 7r
h Aul
W T = g !
coth LN {0/ NN, )" nmw
2 o1 h o)
L S N ' : Cetan -—- - (13)
7l .o n V= (b0 1)t b

Vhis has three parameters, bo/A, B/, and 176 Tt s
“latted in Fig., 4. The dashed curves are constant
M1/ M. contours, which were caleulated from Fig. 3 for
5.0,

Equation (13) has four pavameters, b/, 1/b, 1"/ X1,
and 8. Since only three independent parameters can be

Cole s Wade Band Wavegnide Filler osipn S

displaved on o single two dimen-ional wraph, (31 will
he divided mto Twa sepaate relations, one of which
nav be divectly calenlated vov cimply, and the othe
of which, may he reduced ta three parameters and
plotred, Tn (11) et

l’
25.( tan \
25,(0
0) I 0! e (1
? b
o -
)‘al .
where
b
cotn - -—-
. )‘al
(5 e omm = = e
b
o
Aot

sin? wud

;zkﬂ;lﬁ)z

V- ()

S ' (15
lf[)/r\ql )

nml 7 b N\
coth 1/1( )
2 Z [ HA 1

Equation (15) has four parameters =G, 1/b, h/Ngr, and
8 -but & may he climinated as before by setting
(sin w08)2/(m1d)* cqual to one. When this is done, only
three parameters arce left-—G, I/b, and b/, These are
plotted in Fig. 5.
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‘The parameters § and J” are the last ones to be deter-
mined in carrying out a design. This may be conven-
iently donce with (9) and (14) written in the following
form

v b 4 1
tan r——- = 7 ~—~[G — — loge — + 0.215]. (16)
vl 0l ¥ 6
After b/\, and G have been found, a value of & should
be judiciously chosen, and then ¥’ calculated by (16).

DESiGN PROCEDURE

The lower and upper cutoff frequencies and the
infinite-attenuation frequencies are usually the given
quantitics in a filter-design problem. Corresponding to
these three frequencies, the following wavelengths
should be determined in the conventional manner: X,
Ao, and Nyw. The width a of the structure is then given
by ¢ =\./2. When the height bz of the terminating guide
has been chosen, a value of b, may theii be selected so
that the image admittance of the~filter will match the
terminating impedance at some point in the pass band.
In order to obtain such a match at Age, the following
approximate formula for b, may be used:

bu = b’[‘\/l - ()\ol/)\ﬂ)z‘ (17)

This follows from the approximate formula for the
image admittance given in (24).of footnote reference 1.
A fairly good over-all inatch eccurs in the pass band if
b,=0.7 br. A much better match occurs if transforming
end sections are used.*

¢ Rudio Research Laboratory Swuff, “Very High-Frequency
Techniques,” MeGraw-Hill Bouk Co., New York, N. Y., Section
20-10; 1947,

Next, from Fig. 4, obtain I/b and b/A, in terms o
Bo/Agr and A1/Ayw. Then, from Fig. 5, obtain G in terne
of I/b and b/\,.. Lastly, assume a value of § and calcu:
late I’ from (16). If I'/b is less than one half, or if }/ha
is greater than M\;/10, a different value of § should be
tried.

Example: Let a=2.750 inches (f.=2145 Mc),
bp=b0,=0.375 inch, fi=3,000 Mc (A,=143 cm
=5.63 inches), and f,=3,500 Mc (Aju=10.8 cm).
Hence b,/\,1 =0.0666 and A\;1/A0=1.32, and by Fig.
4, 1/b=0.089 and b/\; =0.410. Therefore, 6=0.410
%5.63=2.31 inches and [/=0.0892.31=0.206 inch.
By Fig. 5, G=4.06. Let 5’=0.125 inch, so that
8=b'/b=0.125/2.31=0.0541. By (16), ¥'=0.302
inch.

A large number of sections may be used in order to
have a sharp cutoff and high attenuation in the stop
band. The sections need not all have the same f,, value,
since dissimilar sections have almost identical image-
admittance functions, if their cutoff frequencies and b,
values are the same.! Fig. 6(a) shows three sections each
having the values of b, &', A, and N,y of the above exam-
ple. The infinite-attenuation frequencies are, however,
from left to right 3,500, 4,500, and 5,500 Mc. By having
sections with different f, values, the insertion loss may

'be kept high in the passband, and also the spurious

response of each section near b/A\,=1 will fall in thc
stop band of another section. A further discussion ou
the removal of spurious responses is given in the litera-
ture for a similar type of waveguide filter.®

5 See pp. 734-736 of footnute reference 4.
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Belore conunecting the end seetions to the terminating
guide, the discontinuity capacitanee doe to the junction
of heights by and b nst be compensated, This may be
done to a close approximation by shortening the fength
of the constriction at each end pl the Glter from 1/2 to
I'/2 =Al', where Al s given Iny?

b' hl'
: (Ing, e (‘,33(!)4
T b’

Fig. 6(h) shows the assembled flter, alter correction of
0
the end constrictions.

I

AV = (18)
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Fig. 6--A three-section waveguide filter, (a) before assembly and
(b) after assembly. (f,=3,000 Mc, a =2.75 inches.) °
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VEWFICATION OF Accuracy

Six individual scetions terminating in 2.75%0.375-
inch guide were constructed with a wide range of physi-
cal parameters. The f; cutoft frequencies were calenlated
from (11), éxcept. for Glter number 5, and also from the
design graphs. They were measured by two different
methods which checked each other W'il‘liﬂ 0.3 per cent?
The various cutoff-frequency values are listed in Table I
The data in the “Tests” column are averages for the
two tests. ‘ '

TABLE 1
VALUES oF f,

Equation (11)  Design Curves

Filter No. Testx
1 2,993 Mc 3,000 Mc 2,980 Mc
2 3,003 3,000 2,991
3 2,834 2,843 2,822
4 3,000 3,016 3,001
) 3,000 3,024
6 2,995 3,000 2,901

In each case, the spread of f; values is less than one
per cent. The f,, values were calculated by (12) and also
measured, and these too agrce within one per cent.
Since f, is the natural cutoff frequency of the wave-
guide, which is known exactly, it need not be checked.

The approximations used in obtaining (13) and Fig. 4
cause an error in the image admittance of up to 5 or 10
per cent, which is generally too small to be of conse-
quence. If the correction factor [14-8'/1)"* mentioned
above in the Design Graph section is used, this error can
be greatly reduced.

ACKNOWLEDGMENT

The writer wish?as to acknowledge the many helpful
suggestions of R. W. P. King and L. Brillouin toward
the preparation of this paper.

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



e e —a

U B

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

~

WA

g

' 1 1 2
N H T
. i ot
— S U S AP
| I ; . —
e S
— e
——— .
! N
LB t
- ! . ]
S
hS
D [CAC R RS S {UEA
‘ydur 2y3 63 ¢1 X 01
\ G2 KICOE O TELINEN 8+6EC
- —t —_—
N

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



ol

!

!

i
andt

W LT o7 N — -
i _ T P SRR A o | _ NN
+ N . . i . i o )
ﬁ|.| b ey e ..“, s b d ‘ : E i . . " bt — »1'!1, n ; |..|_
et — L ; B e et 4 e - — : + —
L : : N . . S T T I
L4 L] AR R i DR
1 ) | | P ; I _ : I
B 0 O 0 S S
T I — R DR T
1 e !
1 Ly T R e T
| f r T , ﬁ ‘ _lmrr~|.||\_(ﬂ ‘wd\.
1] / ! ] N P
| T “ e L
; 1 AT N .
| SEEseasat
, n ; 1]
: 1 i
] SR
| il N )
I e
i I i
.

L)
} ;

W

O A N N N - . , — | !
“w\,.l..\ e % .|T|;1\_.l, e : — _ _ wq. ; _ 4 A , _.

b e A — RN S S RMRATEE U .
b e R I e R —
R SIS U N S SR _ .

<

‘Y8 M N 30w
: ‘gaur 243 63 01 X 01
C3 XITBI T TELLNEL 8-eag . ) y

Declassified in Part - Sanitized Copy Approyed for'ReIease 2012/06/12 : C'IA-RDP7‘8-03535A000600010015-7

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



W

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

|

I
1

A et~

ReEsaaats

i
b

1

! il
A +
. ! L — e — — ——4
e i [ . - e
g e S S S = : : == = : e e > : * g T | : L
e ——— sl e e - - T hoe e D e e i A e - — R )
t _IY_\ N A A S S s ; : g g ] i . 7 [ ) g | . : L4
r 1 : J __ T 1] + —_ PRRIGUE SN P S S T e e e o e e s e el b ——t et 4 w
PR ey ' ; : : ' ! L R R i e ;
T ——— = B S — —— e T PR ‘o - - ._.> Pee % e in 4 4 1\_‘4|)\|1|+:1l - i - + . —— —— v ll,—|«|.4|1~
s N ! e - ! ' o ; ] SIS N Ao SRS S -
T 1 ) ' | i | R S _

PaRneean \,?ATJ -.:.._,mmx‘,u,m._Mm“.fmw%._..ﬂ‘Mmmf..-h VRSV A~ SRS ER Y7 SR SE - T EDEEEY. 7, S =Ro

P et 1\ ? _
_ - JI»JJI e e —— —_ e - (R _4rfL\ ety - ; — ——
e — —_— ————— e o ————— e I —t— - [T s — e e - -

{ o | U U SO U S .L_ - - _ A A S — ey ——
| S0 SR e R S R T + s —_— o
(- 1 L S e I. - e e + OO S AV SO S S ——t

i , m o R T T -
i - e — e . P g b e , SR ISR S e

J R S, - L + DA AU + e L —_—— p—— + + ; -
:«Jv,lr‘ll,l. ! I C AR o ! T J
WS N NI ICYN
‘yauy &3 €3 61 X 01
. ©2 ¥ICOE © TELSfEn n-coz
S— e —— B ——
-

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



S

[ R

>Declassified in Part ] Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-O3535AOOO600010015-?

[P

| e I_M _ N A
, | _ : e !
e I ey i 1 T i
: B e e . —
i\ e b IW — .
1 — et
A o T i o
N e I
LiEaw R AN L RN EEEEN .
I\ I BN DEENRENEEEEN N
B S RSN S
1 i ; - ! i T i il T ; 1
¢ | IR = ! I I [
b - ; ! L ! | i .
i\ L S T T I aE
T : T RS I
R A I | Ll ]
: ) . b w __ ' ]
| ! T
1 DRSS NRED ;
_« l 1 (
| ] H T
| , 11
| _ |
]
! ]
| ! ,
T N R T { %
I
! EEDERSENE C
,, ,w
] 1
e !
L ! M .
S :
— i
RERS =11
I S —
s f
e T
! I | ]
| : ! —
{ ' o N
i I i [ [ X :
R Y A [ U
Pt I R IR S SR D 1 VM
T I S B I Y S
e o — e
| e S —— o T
o ) R I SO0 R N S S
J O 0 S S S U I A ek . ! ; | & g
\|.|.|4,|»\‘,TJ,|«\4@P_& p N e .‘rﬁm&|+|4|1|rl\..:klh .A\&»\x»lw _ ' | %] [ _\m ; ]
ST T T I . _ ]
' i o ; R L X . |
Tll - T o T T - H i T —
I e _ = ERENEE
1t 4 . i | | t [ ]
S D SN - 7,. ] M 1

R LRSS T2)
‘qaur 83 63 €1 X ¢1
. ) G2 UnCOTn © TILAnEN 0-603 )

Ny

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



! 1 . -
l Declassified in Part - Samtlzed Copy Approved for Release 2012/06/12 - CIA RDP78 03535A000600010015-7

- C

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



SN R
- Declassified in Part - San|t|zed Copy Approved for Release 2012/06/12 CIA RDP78-03535A000600010015-7

) e
. o

e

E b ) A g %m%/i% |

= 19 = 7 ’"_"~@Z@¢ O Ay, Kratss, Ké‘ﬁ% Peay
Declassmed in Part Sanltlzed Copy Approved for Release 2012/06/12 CIA-RDP78- 03535A000600010015 7




| I S | B -
Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

3 (ns)y. ,~_é____, - L _ B
1 .e4 RIS
P X y— -&/ = e
em . ) I
r Y Y A
_,,,-Z,Z’,J_ﬂ,._é_{ﬂ_/ | e
a0
s e
i .f//_ o 5"4/ e T
___,_%ﬁi__V,-__._M_Sf:__-ﬂ_,___-_#,__#_,#_-ﬁ___,_-,.___,,,f, S
Y7 YT D

——

I — [
S — I -

Declassmed in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78- 03535A000600010015 7



Declaésified in Paﬁ - Séhitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

Y- [ A — .

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



o A D e Aol _
Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

y

. f =08 L
4= .$03 ~,s¢E
L L3 < e

A 32 *Wﬁ _
— /y__':—__ "?_’5— / kmd, — e
F"_?_ = 1/. S L7 _ _ -
o
L Ao= 148 ez _ e
_ = S. % ‘e B -
: o T B ) T T Tt A_'-Th—is dscumcf:? 'f} l":‘:’x rf‘ K for Vg T
i i ser:r':*.i:: e R "., "” PO o
Coenl IV

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



o . R SN N FUURRURVR B B - N
Declassified in Part - Sanitized Copy App(oved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

) - R

k=356 = 2 oyl e

:—m_ﬁAZ//'WM @M/a/‘/ S 2 . _EL O z§ f"“/é L
T ST E m/é

72  _ _ _ S
T =Ty
S L R

( Declassmed in Part Sanltlzed Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7 .



O e . e S I B
Declassmed in Part Sanltlzed Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

P

. o S, =tSES 2 __'_+i/ -

(h) # rse8 A =1 =O = gz“*‘f;:";i
7 7L
v = S LR SO

a . T

-

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 CIA-RDP78-03535A000600010015-7




| L . e

~"" Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA RDP78-03535A000600010015-7

. ’
“ L.

<.
<@,

St s
7% /@f M_m_ééé_@% %

a W._/M %_CAE//T £ _X-75C. 7‘/=!¢¢—»S>-rar'/‘L _
% NipPziissy. sz(//:a a-... /a/) Zs _f/v;»_%f/ A

_z//ézﬁw o % %é‘ WM by,

L T 5#@4__/4%&@_( O, SR irtr S 3OO smrah

;?;?'l L0 %J”ML%&'—%: 5D a_/}ﬂ e :4;

’ 76 M’é_______ dw—ﬁﬁﬂ/c '

Dec.lassif'ied in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7 -



da

wls o

i Lo L e e PSR , . _

e e a | T _ N R .

NS T *Hu_mw.llluum i e T -
o Swirk Smvepmsiasa T
| V.mMum}“&Q%-A_HMUWMM@QHWM o x. e et SEERSeeuREReEe
‘HW‘J{I R ISR il I RS SR : M-~

: -

- ‘|..|..|. LI.IT E

R x« ,\.v%mmmmwﬁ Mﬂﬂ %@%@3@% \umt_‘&m:wiM Bessecscs

,g
J-
T

w"%f;f f;f_'.f,

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

\
N R R EN-LTRY
v ~yauy 853 03 01 X ¢1
. . C3 LIOj3Z T mILLnDN 0o-3L8
_— —_ —

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



e - .

e

e i e e 20 L 4 Sl ,.N.mk%m&%% \

el

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A00060001001

! ! " v ! X . i ¢ N
B ; I [N t ! I
Ll ] e e —
, \\ SEDS e S S _ v
T g i - .
R s o e - W, L ! - — . |«I»Ii|r e —eminmme
; e e o PR, Y ; ) L N :
, I . ;” .n H:. ‘-ITH-_-EI MRS R /. AN A% ib?tﬁ&
i e ; ' T I I . . " \\r\*e I NN
: -
] -
1 vescnon30VE
' "yauy 83 93 01 X 01
. €D LESOE D TELLNEN -GBS \
- — _— —_
| - N S,

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

g

i 78

J
2

. A
A2 45,

&

YA

A
G
[4

£
i

&E

a4

T
£

:iiiéé

2

TR

H HRbEE
i 1193
N IRCERA
I :
N M/V LAl
[ ]
‘ ﬁﬁ‘ MM«\
AR mywm
;f{,,n o
_ | H ,_41 . I -
L I\ ‘
Y 1 8
FA SRR
& i

i
i
I

'

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA;RDP78-03535A000600010015-7

—



ORI AL e
- Declassmed in Part - Sanitized C Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

1

SRS
=t )

(' ﬂAﬂ/ *#/ ;,/;Z

- _*7_%5 WAZ ‘54%%/4«4/_@_1645 re 2R

; a,_//éz_s_/s—@#ﬁ/ s e 4P S FES .

___W MM_W/M/ e Z8 %{Ae_y?f«— —Sce .
&f FHe Sgemce %7?&7 M-é%_//fzf_-é_é(-ém

;_///Mf/ Coaxinl Zz %/ﬁ )

Z/fr_/ﬁwﬂ %S’__ZW_MWGM Sozcs 2 /K#_M;
/—>‘ )% c/m\’ ;(/ 22 %_mm_é_a‘«é{M
R

77.{‘/‘7.,25 Awer .

WAMAMZ%ZM
of L Bl tne Py Dpc oy LT, _

Aey /3 Dee s

' 'beclassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



—— .JwITIb\ s A i Ii] -

B ,,.‘Nw&\%&h4\\ \A\\ Hmk\\&\ RESEEES RS R Faan . ;_,uu_m,.uumu&wﬁuuwmunt?i%_r,{,

ﬂ1|l|,||]]|+1||

B AHI[I L[ LLI — LJLIJI

! . ; I I .

R e I — —
#/ — U,Hl‘ii.%wm o TII T “ R e < e B oy mmﬂlmmuﬁmu R
N Rt i e s S
Q S ZRE T 7ESp &\\MN \\m\\\\m v.mm&uwaNan o S S Y .u.HﬂHHHHﬂ
X _ cmns S ﬁ
M

,tli.\,lr.l,r - _l i EERE
EE A A
e L
N t»_ |

i T, T

H A A .

o i R N

SN R

; T *
. o '
. g
N DO i
. s L) i
LT «llﬂ TR '

e e Ifll,l N S— f—
(] ——

G 4L Y
5_+ a

< 4 g.*\«".‘ HEEE * M
i | [
Fenmp o T
A N
_/r ; ol V A/ S WL TS S Y VS Y N SOU WU U, VIO SR S N S S Ot SO S S G NSNS SUU S ST SUNE A, B, SN 3 SRR S AL S M M S 4 e SES S S et e s S| ! e S £ SIS - i _ T
RN e 1
~ e - I
oyl ;
T,
’/VI

: ..;.“‘rt

-
I

b b

H\” I!NMQM‘“\K%V\ \

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

VBN N 20V
‘ERur ey3 03 01 X 01
OD LICTT O IELANEN 8-ar3

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

1

1
i L]
RERSRE

x
L
|

i

o

o003 Yo _

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



N

 Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7

_—— T
; i lIiJl‘I‘s_%ll.i.ill, p.,wyy ‘I.[,.Il,![.il SRR e et . _, ,

i
|

e e S m-_- — :_wwﬂ_HHinm H;..iuH.-._wH e e L et
- S —_— w.\.\«\w\% m.wi mme w\ XN L i w{|ln MHFW-.. HHH«.MHHH,.H..«.

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



wl ‘ Lol s s

42 Lk

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7
el

CABLE ADDRESS:
*“YARDNELECT” NEW YORK

YARDNEYTELECTRIC CORPORATION

105-107 CHAMBERS STREET NEW YORK 7. N. Y.

TELEPHONE:
WORTH 2-5500

CURRENT PRICE SCHEDULE FOR THE YARDNEY SILVERCEL

May 15, 1953

TYPE* 1-9 10 - 99 100 — 249 250 — 499
LRO5 & LR1 $ 6.00 $ 550 $ 5.25 $ 5.00
HRO5 & HR1 10.00 9.00 8,00 7.00
LR3 & HR3 18.00 16.00 | 14.00 12.00 £
LR5 & HR5 25.00 2000 16.00 13.00 g
LR10 & HR10 30.00 25.00 21.00 19.00 X §
LR20 40.00 36.00 32.00 30.00 *'g §
HR20 | sa00 | 48.00 £8.00 38.00 _g '§
HR21 - 60.00 5400 | 4800 42.00 iy
LR40 50.00 45.00 40.00 35.00 é e
- s,
HR40 100.00 - 90.00 80.00 70.00 __izj. L
LR60 s000 | - 5400 " 4800 | 45.00 7;
HR60 125.00 110.00 10000 | 90.00 ?
LR100 12000 108.00 . 96.0@ . 84.00
HR85-HR90-HR100 - 150.06 | izo;oo'_ 110.00 100.00

TERMS: Net 10 days, F.O.B. our plant, New York

DELIVERY: Orders for small quantities can be filled within 3. weeks from receipt of order.

NOTE: Prices and models are subject to change without notice. As production schedules increase, we

anticipate that prices will be revised accordingly.

* See 1953 Brochure
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. QUTPUT CHARACTER’ JICS S
fg A 2 AMP MODEL LR 20
15 AMP
1.0
0.5
20 -
2 AN MODEL HR 20
15
10 100 AMP Y
0.5 ek |
s 20 » AP ‘ MODEL HR 21
= 10 120 AMP.
05
20
4 AP MODEL LR 40
1.5 i
10 30 AMP. N\
0.5
20
. 4 AP MODEL HR 40
1.0 125 AMP N\
0s | | | |
"0 10 20 30 40 50
CELL OUTPUT — AMP.-HRS.
DESIGN CURVES '
. 30
o Plz s ® AMP.HRS.] | T - MODEL HR 20
=603 25| & 20 \
250l 2012 15 WATT-HRS PER CU.. IN — N
£ w0ls 151 = WATT HRS. PER LB.
;0?515.%19 ~
< 0] 10]= 5
= << E
20[F 05| o ~
10 0
1 2 4 6 810 20 60 80 100 200 400 600 1000
CELL DISCHARGE CURRENT AMP.
35 4
& B0f 40l AMPHRS. ‘\ MODEL HR 21
= 0|5 s|E s ~g
d
: 6055 3.0 2 20 WATT-HRS. PER CU. |N.‘=’\
[~
£ 50]lg 250 F 15 .
EIE & WATT-HRS. PER LB. — ‘\\
< 40} 201 10
0|= 15]< s ﬁ\
20 1.0 0
' 1 2 4 6 810 20 40 60 80 100 200 400 600 1000
CELL DISCHARGE CURRENT — AMP.
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YARDNEY ELECTRIC CORP, 08

105-107 CHAMBERS STREET - NEW YORK 7 - N. V. . ,
Technical Data Sheet No. 3

Licensee for U.S. A. of Yardney International Corp.

CELL MODELS LR20, HR20, HR21,

formerly  20HR15 20 HR-GS-BS 20 HR-NS

LR40, HR 40

40 HR-NS

Cell Model

LR20

HR20

HR 21

Nominal capacity — amp.-hrs.

20

20

vl 2

Weight (filled)-oz.

12.60

12.70

15.0

Volume — cu. in.*

15.4

154

144

Recommended charging cur.-amp.

10

20

-390

2.0

Max. continuous disch. cur.-amp.

15

100

v 125

40

Peak discharge current-amp.

150

500

500

© 200

Discharge current-amp. 20 (150 | 20 | 100 | 20 | 120 | 40 |30.0

‘Voltage ** 1.51 | 140 | 151 {135 {150 |1.35 | 1.50 | 1.40

Working capacity — amp.-hrs. + 210 | 16.7 {240 | 17.7 [31.0 {180 | 41.0 {350
Watt-hrs. per Ib. 403 | 29.7 | 456 |30.1 |49.6 | 259 | 44.7 |35.7

Watt-hrs. per cu. in.* 206 § 152 | 236 [155 1323 [1.69 | 271 |216

*Calculated using cell heights inclusive of terminals
**Voltage over flat portion of the discharge curve

+To 1 volt end point

=) | 138" —»| No. %,"~24 Th'd
i T EE——
0.715" [‘__:H
| A a : 077" % 0.65”
f (J = e L T
d

!

N “

D/l

I N ’—24 Th
0_958” ,_.__T—o 5{6 W*/\J"_J
— 0.66” \él‘ " :

L"' Q‘.S‘" \'Q% ;
,a{ \55{ 2.05”
\T\ L R A
Models 11 S v
1R 20 and | o
HR 20 ¥ i\ Model HR 21

- Models LR 40 and HR 40

16TYI’I(:AI. DISCHARGE CURVES AT SEVERAL TEMPERATURES

N T0°C Model FB 21 For instructions on operation,
* < Discharged maintenance, and storage see
w1-5 o 25°C NN at 15 Amgps_ “General Operating and Mainten-
2 14] N ance Instructions for Yardney
= 4 , \ Silvercels.”
13 \
2% s - - - -
! 0 10 20 30 40

AMPERE-HOUR OUTPUT

WORLD WIDE PATENTS PENDING OR GRANTED
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RN | Sheet No. 1
April 1955
APPENDIX
To General Application, Operating and Maintenonce Instructions
YARDNEY ELECTRIC CORPORATION
40- 46 Leonard Street
New York 13, N.Y.
OPERATING INSTRUCTIONS FOR
YARDNEY SILVERCELS IN THE WET - FORMED CONDITION
Letters in parenthesis, refer to general reference table attached........ chessrsssnsns

CHARGE:

For best results, charge at a constant current rate of (A) until the cell/battery voktage,
while charging, reaches (B) volts.

NOTE: »
The voltage, while charging, is the indication of the state of charge of a cell or*battery;
however, nominal capacity of a fully discharged cell or battery may be obtained by charg-
ing at (A) current for (C) hours. Charging to the nominal capacity is not always a com-
plete charge, and this method should not be used repeatedly.

CAUTION:

Continuous or repetitive overcharge will result in damage to the cell or battery.

LOW-RATE DISCHARGE : (For all type cells onone hour rate or longer time. )
An individual cell is considered discharged when its voltage underload drops to one volt.
Cells assembled in a battery are considered discharged when the overall battery voltage
under [6ad drops below the number of cells in the battery multiplied by one volt.

HIGH- RATE DISCHARGE : (HR- V* and HR Cells only on less than one liour rates. )
When discharging at litgh rates, discharge time limitations should be observed, or cells
may overheat msulnng iﬁ dxstoruon of cell cases and shortenlng of life.
: bt .ok, bt tess

oLl “‘**73 SN o4/ S YT DG ST AN HETHT W L |
mﬂ“ CURRENT (Nﬁ?ﬁéresﬂ
ELECTROLYTE - AS APPLICABLE FROM THE REFERENCE TABLE )

If the electrolyte level of a cell is at the minimum height (D), immediately after charge,

some distilled water should be added to bring the level to the correct height as shown
in (E) of the reference table. The addition of distilled water, when required, may be ac-
complishéd by removing the plastic veni cap and the sponge rubber plug from the vent hole
of the cell and adding water by means of a syringe. Extreme coution should be taken to

prevent damage to the cell electrodes or separator by the tip of the syringe.
For additional information refer to General Application, Operating and Maintenance
lnstruc ons issued November 1953 ~ Technical Data Sheet No. 101
- *FORMERLY DESIGNATED AS MR CELLS
. This @oer s e T .
filo. 16 e - ':9 © 1953
4 LL T ‘n,Af o Snbh’ﬁ""‘d - Oy Y.E.C.
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YARDNEY ELECTRIC CORPORATION

40-46 LEONARD STREET NEW YORK 13, N. Y.

Sheet No. 2A

(MEDIUM-RATE CELLS)

GENERAL REFERENCE TABLE - (HIGH-RATE CELLS)

DT A LA PR I
. .
N W

CELL TYPE
MR = Medium Rate
HR = High Rate

HROS| HR1 [HR3 [HRS(MR12{MR100{HR10 [HR20|IIR 21 |HR40 |lIR60 |HR85) HR90IHR 100

Optimum

Sin
A"! Currem I 3’2

(Amperes )

le Celi 07 (.12 |.40 |.50 | 1.0 6 1.0 {3.0 3.0} 4 6 10 10 10
ttery .07 .10 1.30 |.35] 1.0 5 1.0 [ 2.0 | 3.0 { 3 4 6 6 6

B*2 Maximum single cell
voltage while charging

2.0 {20 [20{20]21 2.1 2020 |20/]20 20207201 20

C Hours Single Cell 7 8 8/ 10| 12} 16 10 7 7 10 | 10 8 9 10
Battery ? 10 10| 14| 1220 o |10 7113 {15 |14 | 15 16
D*3 Minimum Level % y W ly " . No additional electrolyte or distilled water is

of electrolyte

required during normal life of this type cell.

Normal Level
~of electrolyte

.

Time Limitation

factor

1.0 2.0 4|8 12| 100 10 | 20 25 | 40 60 | 85 90 100

*! These current rates are generally based on a 10-20 hour charge. Cells may be charged at higher current
rates whenever necessary. However, caution must be taken not to exceced the final voltage, while charg-

ing in B above, or an increase in cell temperature above 120-130°F during charge. A charging current of
the one hour rate is permissible; for specific informations contact Manufacturer,

*2

Any battery is fully charged when its voltage, while charging, equals the number of cells in the battery

multiplied by 2.0 volts. (Folerance =* 1.5% of the overall battery voltage)

*3 Electrolyte level heights (shown in (D) and (E) above ) are measured in inches from the bottom of cells
immediately after charge.
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A Coupled “Couxial” "I'ransmission-Line
Band-Pas:, Filtm‘
J. J. KARARASHY, assoaiary, e, ano 2. B MODLE], seNtok vesBER, IRE
Summary--Baud -pass filters cinploying tuncd coupled circuits  the very -Figh frequencics However, at frequencics bordui.n;; o the

are veed to advantage ut low frequensies und, bicause they have  microwave segion, 1t is Lo luagee pussible to tivat such cireunt cle-
guod electiicul chaructesistivg, it inay £e destable to adapt them to meats in the usuul tow-fre ju. ey forhion, the cisiributod characta
of the parasacters becoming #f pruue importunce. This paper Je-

¢ Detimal elesifie dtion RI86.1 Originabimanuscript veeeived l.y scribes o bund-pass filter in vhion e coupled of mcats eonsist of 4

the Taatinte, Joary £ 1010 i sl manusenpt redeled, Aupus shiclded pair of eylindrical conducturs Because the analysis is b d

& Iy 1 o “‘kml u:\m\ru ;" o1 W 2 M(‘) ! | ,? In . (“,“ voon *ransmission Bue theery, the sesults are valid and uzible at

tl\". 1\?;\ Maggrich Containd Wot-on Taboratories. st fetah G mirtowave foqueaicg Sty drabamission other thaw tie TEM wode
1§ ehupgh Duiverity, Bedilehem, Pa Lot omes Sothesson,
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1950 B

I. INTRODUCTION

( :\OUPLED TUNED CIRCUITS have long been
used as band-pass filters for they may be designed
to give satisfactory performance in both the pass

band and in the adjacent stop bands. An attempt to

design such filters for use at microwave frequencics finds
the elements involved reduced to little more than leads,
and a transmission-line approach to the problem must,
therefore, be made if a'design is to be anything more
than a “cut and try” process.

An elementary mechanical layout of the coupled
transmission-line band-pasg:filter to be discussed is
shown in Fig. 1. The tuned circuits are the transmission

»,.

Fig. 1—Elementary p rototrpe section of a coupled “coaxial”
transmission-line band -pass fil ter

lines and the coupling is that existing between them.
Radiation losses are eliminated due to the shield; in
this sense, the system will be referred to as a coaxial
filter,

I1. TRANSMISSION IN A CoupLED “COAXIAL” SYSTEM

Equations for the current and voltage functions
along two identical mutually coupled transmission lines
such as shown in Fig. 2 have been presented by Fuchs.!

' Line A

FoRr

) ‘ ‘ Zm

H

1

Karakash and Mode: Coupled “ Coaxial” Transmission Line 49

I, = Zoa, - Zmay (8l Zoby — Znbs .e"”“ (3)
202 — Zn? 7ot — Zad

Iy = Zoas — Znty (it Zobg — Zmby ()
Zs — 2" Zy? — Znt

in which the subscripts 4 and B serve to identify the
transmission lines, ! is the line length, Z, is the charac-
teristic impedance of either line alone, Z,, is the mutual
impedance between lines, and a,, b, as, and b. are con-
stants. For the system shown in Fig. 2,

' D
Zo = 120 log. —_
r

i

D
120 log, "3 (6)

i

neglecting proximity effects and assuming perfect con-

ductors.

Equations (1) through (4) may be applied to the bal-
anced coupled coaxial transmission-line system shown
in cross section in Fig. 3 if Zo and Z,, are properly inter-

Fig. 3—Cross section of two parallel open-wire transmission line.

" preted. In order to derive the required relations, Mc-

Cracken? has utilized the bilinear transformation

aZ+b
Z+4d

()

&

.+ evaluating the complex constants g, b, ¢, and d so that
" the configuration in the Z plane shown in Fig. 4(b)
+trangforms, in the W plane, to the arrangement of Fig
g ‘&L{af The large circle in the Z plane becomes the % axis

ithe W plane, Electrically, therefore; the bilinear
prontion converts the dual coaxial line into an
ent open-wu'e pair. Using the method of images,
ing plane may be replaced by the two con-

Line B

Fig. 2—A balanced coupled “coaxial” transmission line,
m cross section. :

These are ~d§ltors shown below the u axis in Fig. 4(a), so that the
: -syfsbem has the same geometry as that of Fig. 2. From

Ep = a3 + by (1) (6) with the appropriate dimensions,obtained from Figs.

Ep = e 4 b0t ' @) 2, 3, and 4(a), there results, usiqg transformation (7),

t Morton Fuchs, “Intercoupled transmission lines at radio l're-
quencies,” Elec. Commaun., vol. 21, no. 4, pp. 248~256; 1944,
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tL. G. McCracken Unpubhshed Masters Thesis, Lehigh Uni-
versity, June, 1947.
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S0

14 M4

Zn = 120 log, ——
13

(8

The expression for Z, is had by calculating the capaci-
tance C (per urit length) of two eccentric cylinders one
within the other and utilizing the relations,

1
T Ce?
— 9
LT ©)
’ c
where N
L =the inductance of the line per unit length
¢ =the velocity of light.
The result is
1— htt g
Zy = 60 cosh™! ——e . (10)

2r

The alectrical performance of a coupled coaxial system
(Fig. 3) is then expressible in terms of (1) through (4),
with Z,, and Z, coming from (8) and (10).

Jv JH ’
W plane L, it ,\-:’2 i an
\
[ ) . O . k‘
- 1.

(::::) 0"47!5(::::>
(6)

Fxg 4—Illustratmg the complex transformation from a couxial
to an open-wire system.

, IIl. GENERAL PROPERTIES OF THE COUPLED
TraNsMISSION-LINE FILTER

Calling the electrical length of the filter 0 =pI, using
the defining equations (11) and (12),

E, = AE, + BI,
1,=CE,+ DI,

(11)
(12)

+ the parameters 4, B, C: and D for conditions shown
in Fig. 5 are,

1

{ == ~ —cos@ 13

Y, % (13)
YA )

B = —-j-l;(l — K*) sin@ (14)

PROCEEDINGS OF THE IR.L.

Junuary
_ 7 csc 8(cos? § — K?) (15)
Zo(l — K)K
D=4 (16)
in which
Zm )
K=—. an
Zy ,

L2 14
° @ (s

Fig. 5—A typical “coaxial” coupled transmission-line filter section,
A cross section is shown in (a) and an electrical equivaleat in (b).

The characteristics of the filter may be summarized as

follows:
1. The pass band (defined for real Z;) occurs for

1 .
4= ——cosd 51 18
= s (18)

giving the cutoff conditions, -
0= cos"‘é‘; K) (19

from which it is seen that the pass-band center fre-
quency fo occurs where the lines are one-quarter wave-
length long, the width of the pass band depending upon
the parameter K.

2. The reactive attenuation in the stop bands is, in
nepers,

cos @
K

a = cosh™?

. " (20)

3. The normalized image impedance of the filter is

given by,
(1 K’),‘/ " sin?6
K? — cos? 6

At the midband frequency fo (an important point from
the standpoint of impedance matchmg) this is,

Zr] 1 - K’
ZO fe K .
which reduces to unity for K=0.619.

The general form of the attenuation and image-im-
pedance functions is shown in Figs. 6 and 7, respec-

21)

(22)

Declassified in Part - Sanitized Copy Approved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7



e o de I

Declassified in Part - Sanitized Copy Apprpved for Release 2012/06/12 : CIA-RDP78-03535A000600010015-7 )

F

1030 . Karakash and Maie: Conpled “Coaxial® Transmission Line 51

Atlenuation

Resctive

:
.
\g
-
A
|

Freguency

L
Fig. 6—~Typical reactive attenuation of a coupled “coaxial”
transmission line filter.

Normalized Immge Impedsnce

|
| "

" Frequency

Fig. 7—Image-impedance behavior of a coupled “coaxial”
transmission-line filter, K as parameter.

tively. Certain similarities in the electrical performance
of the coupled coaxial transmission-line filter and its
lumped-clement predecessor are worthwhile pointing
out. An‘equivalent circuit of a lumped-element coupled
circuit filter is shown in Fig. 8. Assuming lossless circuit

L~ Ly-M

1
1
H
1 . x>
R
>
o
i
Ho

+

Fig. 8—An ehuiva[ent circuit of a lumped-element coupled
circuit band-pass filter.

elements, that the coupled circuits are tuned to the same
frequency fo, and that L =L, = Ls, the image impedance
of this filter (normalized to Z=+/L/C) is ",

% -/ (1 = &)(fo/f)? (23)

Y/ [(1~k)~f,f;][f—7—°’~<1+k)]
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f
a typical plot of which is shown in Fig. 9. The band-
width (defined for real Z;) may be written,

CBW = e (29)
. Vi—k itk
k
i
A."‘a
7

o o5 Lo 2 20

“

Fig. 9—Image-impedance characteristics of the lumped-
-ejement filter shown in Fig. 8.

Compar?son with the coupled transmission-line filter
shows that the image-impedance curves have similar
form and the bandwidth is dependent upon % or K in
a similar manner, becoming zero when k=K =0.

- IV. THE REDUCTION OF
ReFLicTION LOSSES

In order that the insertion loss in the filter pass band
Le small, the.filter image impedance should match that
af the circuit in which it is 10 work. Equation (21) shows

-ghat. there are three parameters in the image-impedance

equation, 8, K, and Z,. Onlytwo of these are independ-
ent, however, and these are required for fixing the band-
width and center frequency of the filter. Another pa-
rameter must be introduced, therefore, so that the
nominal impedance of the filter be adjustable to an op-
timum value. The familiar quarter-wave transformer
matching scheme is thercfore proposed.

Suppose that a coupled coaxial transmission-linc filter
has been designed so that its center frequency and band-
width are the required vnes. Such a filter is sketched in
Fig. 10(a). Terminating sections are then added as

fe—— K Sections

b o s o s s v y'a Z

] ]

bt ti ——"4 «
A'Section A Sections K Section

ra VA A S A B S S S A p A A S0 S S Y Y

A S SO 29 ST A S S D 4 I ST S A Z

(b)
Fig. 10—Thecoupled “coaxial® transmission-line filter shown in cross

section. (a) indicates typical midsections, and (b) shows a filter .

including terminating K’ sections.

‘ lrvv-"
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shown in Fig. 10(b); the K parameter (referred to as  0.44 and a K’ of 0.55. The cutoff frequencies were calcu-
K’) of these scctions being chosen so that atf = f, lated to be 2,590 and 1,410 Mc. A curve of the insertion
U loss versus frequency for this filter is shown in F ig. 12,
Zl' = \/Z' Zc (25 :

where the prime indicates the ‘image impedance of the
terminating section, and Z,-is the external circuit im-
pedance. If Z,=Z,, (a limiting case)

-
»
"

on~L05s in' Decibels
/’———-

1 — K’ 1 — K% .
—_— = ——— (26)
K’ K A

fe .. one

- Two methods for the mechanical design of terminat- .
ing sections are available, the first cmploying inner con- - \' /
ductors of different diameter and the second a change in o—"ass -4 S5 Vo
the eccentrieity. Mechanically, the latter method is it
more difficubt to achieve than the former. For practical _ ) Frequency fn Megecyches )
narrow-band filters, K <0.619 and therefore X’ will be F'g;;(l,?,ri,};:: "ﬁ'i't‘;,"eﬁ‘;?,!,fﬁ;‘};’ﬂ,é?ﬁf}{'ﬁi%“ﬂf‘}?ﬁé_’;‘.{"ﬁ‘,ﬁ
larger. For K equal to 0.619, no impedance transfor- K'=0.55.

mation 1s necessary assuming Z =Zf" A second filter rlodel having a K value of 8.31 and no
The cffect of the ter minating sections upon the over- terminating sectlons was constructed for a center fre-
all lmage-xm;?ed.ar}ce charac.tens:tlc is unporiant. A’typl- ‘quency of 1,000 Mc and a.pass bahd betweer 800 and
cal characteristic is shown in Fig. 11 for a single K sec- 1,200 Mc. THé bxperimental insertion loss curve for this -
. . ’ . . . ’ . .
tion with two K’ terminating sections. filter is showl in Fig. 13, where it may be secn that the

-

'

; 3 [
'
| 3 X
\ | - 3
524
3
Q
z, , S
z /4] N
“
“w
~
s
~
R &
3
o o5 1o A 20
2 \] *
f/f \1 .o .
3 o So0 PR ao.o $00 2009
x »

Fig. 11—Normalized image-impedance behavior of a coupled trans-

mission-line filter having one X section together with terminating .

- K’ sections. Flg. {3—Exberimental insertion loss curve for a coupled transmission
line filter having parameters fo=1,000 Mc, K =0.31.

Frepumc y in Megacyelas

V. EXPERIMENTAL RESULTS )
cutofil frequencies tend to agree, but that the pass-

As an experimental check on the theory presetited;, band insertion loss is rather high. Without the terminat-
two filter models have been built and tested. The fitst of  ing sections, the impedance match is rather poor, and
thesc had a midband frequency of 2,000 Mec, with 2 K of  this may explain the loss peaks in the pass band.

v

o
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